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dered value approach was more sensitive in detecting differences
in rates of cartilage thinning in OA knees with different radio-
graphic stages than analysis of any given compartment, plate, or
subregion. The method circumvents the challenge of selecting a
particular knee compartment or anatomical subregion “a priori”
as an outcome measure of progression. The method may prove
particularly useful in substantially reducing sample sizes when
comparing groups treated with a DMOAD versus one treated with
a placebo.
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LOADING AND KNEE-ALIGNMENT HAVE SIGNIFICANT
INFLUENCE ON CARTILAGE T2 IN PORCINE KNEE JOINTS
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Purpose: We developed a non-metallic pressure device for ex-
cised porcine knee joints which allowed MR imaging under variable
loading or knee alignment conditions. The purpose of this study is
to assess inﬂuence of loading and knee alignment on T2 mapping
of the porcine femoral cartilage.
Methods: Ten porcine knee joints were harvested en block, and
were imaged using the custom-made pressure device and 3.0T
MR imaging system. Sagittal T2 maps were obtained at knee
neutral alignment without external compression (Condition A), un-
der mechanical compression equivalent to 10 mm displacement
(Condition B), under the same compression after it remained for
10minutes (Condition C), and under the same compression with
the knee 10° varus alignment (Condition D). T2 values of deep, in-
termediate, and superﬁcial layers of the medial and lateral femoral
cartilage at the weight-bearing area were compared among those
conditions using a custom-made software (Fig. 1). After imaging,
cartilage contact pressures between the femoral and tibial car-
tilages were measured using pressure-sensitive ﬁlm, and were
correlated with cartilage T2 measurements.
Results: On unloading (Condition A), the average T2 values of
deep/intermediate/superﬁcial layer were 59±3.7 ms/62±7.6 ms/
67±6.4 ms in the medial cartilage, and 63±7.5 ms/65±9.2 ms/
72±7.8 ms in the lateral cartilage, respectively. T2 values in both
medial and lateral superﬁcial layers had signiﬁcantly higher values,
compared to those in the deep zone (p < 0.05).
In the medial cartilage, average T2 values of deep/intermediate/
superﬁcial layer were decreased by 1.4%/13%/6.0% on loading
(Condition B), and were further decreased by 4.3%/19%/17% on
varus alignment (Condition D), as compared with those values
at Condition A (Fig. 2). In the lateral cartilage, those T2 values
were decreased by 3.9%/7.7%/4.2% at Condition B, but were
Figure 1. Three layers of femoral cartilage.
increased by 1.6%/9.6%/7.2% at Condition D. There was a signiﬁ-
cant decrease of T2 value in the intermediate layer of the medial
cartilage at both Condition B and Condition D (p < 0.05). How-
ever, there was no signiﬁcant difference in the T2 values between
Condition B and C at any zone. The total contact pressure at
medial/lateral cartilage was 47±8.4 N/46±5.1 N respectively at
Condition B, and 94±21 N/35±7.8 N at Condition D. These values
were signiﬁcantly correlated with the T2 value in the intermediate
zone of medial cartilage (Condition B/D: r=0.485/0.636) and lateral
cartilage (r=0.484/0.784)
Figure 2. Changes of T2 values at each condition.
Conclusions: Decreased T2 on loading was assumed to reﬂect
deformation of collagenous architecture or extrusion of water con-
tent within the cartilage. In the present study, response of T2
change to loading or alignment change was variable between the
medial and lateral cartilages, and among the deep, intermediate,
and superﬁcial layers. Those T2 changes were signiﬁcantly re-
lated with contact pressure measurements by pressure-sensitive
ﬁlm. Our results may indicate that quantitative assessment of MR
imaging for the cartilage differs in various physiological conditions,
and T2 mapping under loading allows non-invasive, biomechanical
assessment of site-speciﬁc stress distribution in the cartilage.
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Purpose: Previously, we’ve reported successful regeneration of
cartilage in rabbit osteochondral defects using allogeneic carti-
laginous aggregates derived from bone marrow-derived cells by
three-dimensional culturing using a Rotating Wall Vessel (RWV)
bioreactor. However, the details of the regeneration were unclear.
The success of cell therapy will depend on the ability to monitor
the fate of transplanted cells in vivo. Therefore our research group
established that internalizing quantum dots (i-QDs) generated by
conjugation with an internalizing antibody against an hsp70-family
stress chaperon, mortalin, offered an efﬁcient, genetically nonin-
vasive, nontoxic and functionally inert way to label mesenchymal
stem cells. The aim of this study is to detect the i-QD-labeled
chondrogenic cells transplanted into osteochondral defects of rab-
bits to determine whether the transplanted cells directly replace
the reparative tissue or only induced the host bone marrow or
synovium-derived cells to differentiate into cartilage.
Methods: First, bone marrow-derived cells were collected from 12-
day-old Japanese white rabbits. Then we cultured the cells in ﬂasks
until a conﬂuence of 80% was achieved, in about one week. I-QDs
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were prepared by conjugation of Qdot® 655 with an internalizing
anti-mortalin monoclonal antibody using an antibody conjugation
kit (Invitrogen, Q22021MP) as described in Z. Kaul et al., 2007.
QD-antibody conjugates were added to the cell culture medium
at the 80% conﬂuence point, and the medium was allowed to sit
for about 24 hours, to generate i-QD-labeled bone marrow-derived
cells. The medium was then changed and culturing continued for
two more weeks. We then resuspended the i-QD-labeled cells
in another medium with chondrogenic supplements and seeded
vessels of the RWV bioreactor with them. The rotating culture was
performed for 1 week, and then the cartilaginous aggregates were
transplanted into the osteochondral defects of 10-week-old rabbits
with cylindrical defects (5×5 mm in area and 4 mm in depth) of
the patella groove. The rabbits were sacriﬁced them at 2,4,8 or 26
weeks after transplantation. Histological evaluation was performed
with safranin-O staining, and frozen section imaging to localize
the i-QD-labeled cells was done with a BIOREVO imaging system
(BZ-9000; KEYENCE, Osaka, Japan).
Results: Transplanted cartilaginous aggregates were yellow
whitish color and 3-D round shaped. The mean size was 7.1±2.8
mm of major axis and 5.4±2.5 mm of minor axis. A part of
transplanted cartilaginous aggregates showed mainly hyaline-like
cartilage appearance and some ﬁbroblastic cells also existed in
the tissue. At 4 and 8 weeks after the transplantation the defects
were covered with a white tissue resembling articular cartilage.
In histological appearance, the defects were ﬁlled with reparative
tissue resembling hyaline cartilage. QDs were detected mainly in
the subchondral bone layer, but some were also detected in the
cartilage layer. QDs retained its ﬂuorescence for a long time, at
least 26 weeks after the transplantation. In negative control, no
QD signal detected at any part of the tissue.
Conclusions: In the present study we showed that the label-
ing of rabbit MSCs with anti-mortalin antibody conjugated QDs
is a well tolerable procedure and brings a stable long-term ﬂuo-
rescence signal during cartilage repairing process. These results
suggest that the transplanted cells contributed to not only cartilage
regeneration but also bone and bone marrow regeneration.
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TIBIAL AND FEMORAL CARTILAGE SMOOTHNESS:
DIAGNOSTIC MARKERS OF EARLY OSTEOARTHRITIS?
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Purpose: One very early event in the initiation of osteoarthritis
may be joint mal-alignment. Secondary to that, small alterations in
the cartilage surface (loss of smoothness) may signify early events
leading to impaired cartilage integrity - prior to cartilage loss
evaluated by volume. We investigated whether quantiﬁcation of
cartilage surface smoothness measured from magnetic resonance
imaging (MRI) could provide a diagnostic marker of early stage
radiographic OA (ROA).
Methods: The 21-month longitudinal study included 159 subjects
prospectively selected as representative for the general population
with age 21-81 (mean 56), BMI 19-38 (mean 26), 48% female,
and 51% knees with ROA (Kellgren and Lawrence, KL>0) at
baseline (BL). KL was determined from radiographs acquired in
a load-bearing semi-ﬂexed position using the SynaFlex (Synarc).
MRI scans with near-isotropic voxels were acquired from a Turbo
3D T1 sequence from a 0.18T Esaote scanner (40° FA, TR 50ms,
TE 16 ms, scan time 10 minutes, resolution 0.7×0.7×0.8 mm) and
tibial and femoral medial compartments were segmented using a
fully automatic computer-based voxel classiﬁcation framework in
the medial compartments. Smoothness was quantiﬁed by a curve-
evolution framework after voxel super-sampling. Smoothness and
volume scores were computed for full tibial and femoral compart-
ments, and for sub-regions deﬁning the anterior/central/posterior
femoral sub-compartments.
The diagnostic ability for splitting healthy from OA subjects was
evaluated by T-test P-value (p), estimated required sample size
(ESS), odd’s ratio (OR), and area under the ROC (AUC). This
was evaluated both for OA deﬁned as KL>0 and KL>1. The scan-
rescan precision was calculated by evaluating the Coefﬁcient of
Variation (RMS CV).
Results: The smoothness results are listed in the table. For
smoothness, the scores were clearly different between healthy
and ROA subjects (p far below 0.001) with the best separation at
KL>1 in general and in particular in the central compartments.
Volume had CV of 6.6/7.0 % in the tibial/femoral compartments
and showed borderline ability for separating the groups (p around
0.05) in some compartments with the femoral central compartment
showing most promising scores of all compartments (p=0.01, ESS
388, OR 2.0, AUC 0.59).
Cartilage smoothness diagnostic scores
Compartment CV OA deﬁned by KL>0 OA deﬁned by KL>1
p ESS OR AUC p ESS OR AUS
Tibial 2.8% 2×10-6 107 3.0 0.64 4×10-16 28 7.5 0.78
Femoral 1.8% 2×10-8 74 3.1 0.67 1×10-18 29 11.1 0.78
Femoral Anterior 4.9% 1×10-3 226 2.0 0.62 2×10-4 119 2.7 0.66
Femoral Central 2.3% 8×10-8 82 3.1 0.65 6×10-19 26 10.6 0.78
Femoral Posterior 2.3% 8×10-6 120 2.8 0.66 8×10-11 66 5.9 0.72
Conclusions: The pathogenesis of OA is inhomogeneous. How-
ever, the later stages all lead to the same outcome; cartilage
surface alteration, cartilage loss and eventually joint replacement.
Following biochemical changes in the cartilage matrix, that may
be induced by an array of traumatic or metabolic insults, ﬁbrillation
and focal lesions will likely lead to loss of cartilage surface smooth-
ness at earlier stages of OA prior to general cartilage loss and joint
space narrowing. The challenge is to measure this smoothness
loss from the limited resolution of MRI (in particular low-ﬁeld MRI).
The results indicated that smoothness estimates may indeed be
indicative of early stage OA. The fact that a clearer separation
was shown KL>1 (and not KL>0) could correspond with the
pathogenesis chain of events suggested above. Furthermore, the
clearest separation was observed in the tibial and the central
femoral regions - this could suggest that the observed smoothness
loss is linked to effects of load-bearing.
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LONGITUDINAL QUANTIFICATION OF BONE MARROW
EDEMA OF THE KNEE USING A COMPUTER-BASED
METHOD
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Purpose: Bone marrow edema (BME) in the subcortical bone
marrow can be a source of pain in Osteoarthritis (OA) patients.
The purpose of this study was to evaluate a semi-automated
computer-based method for quantitative analysis of BME and to
investigate the correlation between the measured BME with the
Knee injury and Osteoarthritis Outcome Score (KOOS).
Methods: The baseline and 24 month follow up visit of 20 subjects,
with a baseline KL grade of 3 from the Osteoarthritis Initiative
(OAI) were included in the study. Sagittal turbo spin echo (TSE)
(0.357×0.357×3.0 mm3, TR 3200ms, TE 30ms) images were
obtained on a 3-T Siemens Trio MR system. Two readers (RB and
TI) used a semi-automated software tool to segment the BME in
the medial compartment femur and tibia. The BME segmentation
